We analyzed the gene expression of sperm flagellummovement associated proteins, namely, adenylate kinase domain containing protein (RGD1303144) and outer dense fiber protein 1. These gene expressions were upregulated in a maturing rat testis, and RGD1303144 gene was expressed dominantly in spermatocytes. Although 2,3,7,8-tetrachlorodibenzo-p-dioxin administration reduced sperm motility, these gene expressions were not affected.
Sperm cell motility depends on flagellum architectural proteins and the supply of chemical energy by hydrolysis of adenosine-5 0 -triphosphate (ATP). The flagellum accessory structure has been studied by proteomic analysis, 1) and was found to be divided into three domains, all containing an axoneme. The midpiece contains a mitochondrial sheath where oxidative phosphorylation occurs, and the principal piece contains a fibrous sheath, where glycolysis occurs, and outer dense fiber (ODF) proteins. The small end piece contains only an axoneme. ATP is generated by oxidative phosphorylation and glycolysis, and is used as energy for the motility of the flagellum by hydrolysis via dynein ATPase. Sperm cell specific glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene null mice have been shown to be sterile, which means that the ATP supply generated by glycolysis is dominant for sperm flagellum movement. 2, 3) In order to maintain ATP energy homeostasis, as well as an energy supply generated by glycolysis, the presence of adenylate kinase (AK) (ATP-AMP phosphotransferase, EC 2.7.4.3) is essential. Recently, AK1 and AK2 have been explored, including their expression in a maturing mouse testis. 4) These genes are expressed differentially and buffer the adenylate energy charge to produce adequate sperm motility. Taken together, an ATP energy supply and the elastic ODF protein structure are essential requirements for sperm flagellum movement.
We have cloned a gene, that encodes a novel AK domain-containing protein from a maturing rat testis. This gene product is known as RGD1303144, and its DNA sequence data is deposited in the DNA database (accession no. BC079446).
ODF proteins are located in the flagellum, and facilitate the elastic characteristics of the sperm tail. Rat ODF proteins were isolated and the protein composition was determined. 5) Many kinds of ODF proteins in the sperm tail have been characterized so far. 6, 7) Among them, ODF1, also known as ODF27 (27kDa protein) or HspB10, belongs to -crystallindomain related small heat shock proteins (sHSPs), and has unique P-C-X repeat motifs in its C-terminus. 8) These domains might serve as molecular chaperones or participate in molecular interaction. ODF1 expression has been confirmed in round spermatids, and two mRNA (1.2 kb and 1.5 kb) molecular species were identified by Northern analysis using ODF27 cDNA as a probe.
9) The expression of HSPs is up-regulated when cells are exposed to higher temperatures, or even to environmental pollutants such as heavy metals. 10) Several types of HSPs have been analyzed in maturing rat testis, and these proteins were markedly expressed in degenerative conditions. 11) These data indicate that HSPs have important roles in the reproductive system, protecting pivotal molecules from degeneration from environmental stressors.
Here, we analyzed the gene expression of sperm cell flagellum-associated proteins, such as RGD1303144, which has an AK domain, and ODF1, one of the sHSP groups, and determined gene expression in animals after administration of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), a candidate endocrine disruptor as the molecular stressor.
Animal experiments were performed using the procedure described previously. [12] [13] [14] All experiments were approved by the Animal Care and Use Committee of the University of Yamanashi.
Specific gene expression in 7-week-old rat testes was screened and compared with those in 3-week-old rat testes by differential display (DD). We identified several specific genes, and analyzed two sperm flagellumy To whom correspondence should be addressed. Tel/Fax: +81-857-31-5360; E-mail: yyamano@muses.tottori-u.ac.jp Abbreviations: AK, adenylate kinase; ATP, adenosine-5 0 -triphosphate; CASA, computer-assisted semen analysis; DD, differential display; DIG, digoxigenin; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; HSP, heat shock protein; ODF, outer dense fiber; TCDD, 2,3,7,8-tetrachlorodibenzo-p-dioxin movement associated protein genes in this experiment: the RGD1303144-coded gene (accession no. BC079446) and the ODF1-coded gene (accession no. M88759). Gene expression was determined by Northern hybridization. Three micrograms of individual RNAs were electrophoresed in a formaldehyde-containing agarose gel. The full lengths of these genes, which encode an open reading frame, were obtained by PCR and used as probes for Northern blot experiments. These probes were labeled using a random primer labeling system (GE Healthcare, Buckinghamshire) by [-32 P] dCTP. Hybridization was performed, and the membrane was finally washed twice in a solution of 0.1 X SSC and 0.1% SDS at 65 C for 5 min. The membrane was rehybridized with rat -actin cDNA, as an internal control for the amount and integrity of the RNA. Gene expression in the testis was determined by in situ hybridization as previously reported. [12] [13] [14] A digoxigenin (DIG)-labeled riboprobe was synthesized, and then hybridized to 5 mm-thick sections of 8-week-old rat testis. The signals were determined using a BlueMap/ BCIP kit (Ventana, Yokohama).
TCDD was administrated to dams by hypodermic injection for newborn nursling male rats and directly at 300 ng/kg (T-300) or 1,000 ng/kg (T-1000) weekly for 9 weeks (3 maternal injections, and then 6 direct injections to pups), according to the procedure described previously, 12, 13) and then the testes were removed at week 9. Sperm samples were obtained from the epididymis and incubated with P-1 medium (Irvine Scientific, Santa Ana) for 1 h at 37 C. Sperm motility was determined by computer-assisted semen analysis (CASA) 15) (Hamilton Thorne Biosciences, Beverly). RNA was prepared from testes as described previously. [12] [13] [14] Radioactive signals obtained from the data of Northern hybridization were determined using a FLA-5000 Fuji fluoro-image analyzer (Fujifilm, Tokyo). The intensity of each signal was standardized using a rat -actin signal. Results are presented as means AE SE. Statistical significance was determined by the Student's t-test (p < 0:01).
We screened genes the expression of which is upregulated during spermatogenesis by DD, and focused on the RGD1303144 and ODF1 genes. The expression of these genes was at a relatively low level in 3-weekold rat testis and increased at 7 weeks, and this level was maintained until they were 15 weeks old (Fig. 1A, B) . The expression of RGD1303144 was particular to the testis (Fig. 1C) . Information regarding the RGD1303144 gene was deposited in the DNA sequence database under accession no. BC079446. This gene product has unique HypB, AroK, AK, and rho factor domains. It is known that the hypB gene codes a metal-binding guanine nucleotide-binding protein, which functions to incorporate nickel into hydrogenase.
16) The aroK gene codes shikimate kinase I, responsible for aromatic amino acid synthesis. 17) Because these proteins appear in prokaryotes, their physiological importance in sperm cells is not certain. AK activity is necessary for ATP synthesis and to maintain an adequate concentration of ATP in eukaryotic cells. 4) It is reasonable that the expression of RGD1303144 and ODF1 is up-regulated in 7-week-old rat testis during the sexual maturation process.
As RGD1303144 expression was increased at the spermatogenic stage, expression in the testis was determined by in situ hybridization, using 8-week-old rat testis sections. We observed several stages of seminiferous tubules. Gene expression was widely spread from spermatocytes and slightly in round A, RGD1303144 gene expression at the various postnatal stages of the rat testis; B, ODF1 gene expression. In these experiments, 3 mg of RNA from the testes of 3-, 7-, 9-, and 15-week (W)-old rats was analyzed. The positions of ribosomal RNA are indicated on the left as 28S (28S rRNA) and 18S (18S rRNA), by arrows. The RGD1303144 and ODF1 mRNA signals are indicated as arrowheads on the right. To confirm the integrity and quantity of the RNA, a rehybridized signal of rat -actin mRNA is indicated at the bottom. C, Northern blot analysis using RNA from the organs of 9-week-old rats (Te, testis; Ov, ovary; Cr, cerebrum; Lv, liver; Ad, adrenal gland; He, heart; Ty, thymus; Lu, lung; Kd, kidney) using RGD1303144 cDNA as a probe. Three micrograms of RNA were loaded on each lane of the formaldehyde-containing gel. spermatids (Fig. 2) . Cao et al. have reported that the expression of mouse AK1 is increased in condensing spermatids compared with pachytene spermatocytes. 4) RGD1303144 AK domain might have a different physiological function from AK1 in sperm cells, and this should now be clarified by, for example, AK activity determination of the protein.
We are interested in the effects of TCDD on the reproductive system, especially on spermatogenesis, and we constructed a TCDD-administrated male rat model. As sperm motility of the TCDD-administrated group (T-1000) was significantly reduced compared with that of the control group as assessed by CASA (Table 1) , dysfunction of the sperm flagellum-movement associated proteins was expected. We analyzed the gene expression of RGD1303144 and ODF1, but it was not significantly different from that of the control group. The expression of genes that are not concerned with flagellum-movement associated proteins was changed by TCDD treatment, as follows: Ohsako et al. constructed a TCDD-administrated rat model where dams were given a maximum single oral dose of 800 ng TCDD/kg, and gene expression of the male offspring was determined. In this case, gene expression of 5-reductase was increased, but that of the androgen receptor (AR) was decreased in the prostates of male offspring. 18) Testicular expression of the SRF-2 gene, which encodes RabGAP/TBC domain containing protein, was slightly reduced by TCDD administration in our experiment. 12) Although sperm motility was reduced by TCDD, expression of sperm flagellum-movement associated protein RGD1303144 and ODF1 genes was not affected by treatment. In future work, expression of other flagellum associated proteins, and the expected AK activity of RGD1303144, should be determined. In situ hybridization of a DIG-labeled antisense riboprobe at various stages in the seminiferous tubules of 5-mm-thick sections of 8-week-old rat testis (A) to (C), and a sense riboprobe as a negative control (D). Tubules were speculated to be (A) stages I to VI, (B) stages VII to VIII, and (C) stages IX to XI. Signals (purple) in the cytoplasm of the spermatocytes and round spermatids can be seen. Cells were counterstained with nuclear fast red (red). The 100 mm scale is represented by a bar in each picture. (n ¼ 10, Ã p < 0:01) Control rats (Cont) were injected with vehicle (corn oil), T-300 group rats were TCDD injected with a dose of 300 ng/kg, and T-1000 group rats were TCDD injected with a dose of 1,000 ng/kg. Each value represents the mean AE SE.
